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(54) ANALOG-DIGITAL CONVERSION CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multi-bit 
analog-digital conversion circuit which has a high 
precision and a low power consumption and is 
inexpensively made on- chip. 

SOLUTION: An A/D converter 1 consists of a sampling 
and holding circuit 2, circuits 3 to 6 in first to fourth 
stages, a latch circuit 7, and an output circuit 8. Circuits 
3 to 5 in first to third stages are provided with sub-A/D 
converters 9, D/A converters 10, and differential 
amplifiers 11. The circuit 6 in the fourth stage is 
provided with only the sub-A/D converter 9. The circuit 
in the first stage has four bits, and each of circuits 4 in 
second to fourth stages has 2 bits. In circuits 3 to 5 in 
first to third stages, sub-A/D converters 9 and D/A 
converters 10 are set to the same number (n) of bits. 
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(54) T^-Dif-^^JMBiH* 



(57) [KM] 

[RIB] HflS^oSSSi^fgftiityfyT'fb^ 

A/D3W<-^9«lttit5, ll^g^[Bl^3(14 
try K 2 — 4«B^iHlB4*i-t*b j eix2 tfy h-e* 

* 9*5ctt/D/A=i ^ 1 OWfy hftnfiR] 
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[WlfllMWttH] 

(D-^J:^ 2 try hK±*#<»3e*ttfcr-^n^- 

* /u - T p ^SESHelB t >^ £ a* A 5 #15 
'*>f :/9>f ^»J**ri 19. toa^fy htiMK*:2A£Att 

* /u - r p #va&m& k io" £ a* & j« 5 *» 20 
[Hi** e ] #«3&sr p ^— r *j* A&a&mx t y* 

[0 0 0 1] 

[0 0 0 2] 40 

ry7 s 777->^ (2^r-7 7 i ^7Wi/) 

[0 0 0 3] L*>U SJfthfy h»<0lf*K:<¥l\ 2* 

^oT#7t a ^SS^ftLSB (Least: Significant: 
Bit) Ji. * (1) {^i-Jzpiw, T-^n^A*ft»<0 so 



A^®ffi$£@ (F SR ; FullScale Range) tt^hg 

[0 0 04] lLSB=FSR/2! i (1) 

(1) ^5)LSBIi2mVi:45, C<73 J: ? C: L S B 
ds/hs<*5 4:, 2^7 1 ^-7 p 7 9-/>>3 L ^^:a/d^> 

kLX, 2*7" ^77 j/->aMT-9 ¥y hJEJUbSrW 

7 ; ^^^^^7 P 7^yM^^A/D^^ 

[0 0 0 6] *r<&»ffti. Si\ rtD^A^fffl^ 

fT^o 1 & I © A/D 3 y^-^ W A/Df »^ 

SS: lai^D/A^y^idO^ D/A^jft&fT 

9o $c^T, i9iwD/A3y/<-^wD/AJE»» 
* t r ^ p ?AMm % k £ 1 » g (DJS^T 

X. 2 a 1 ^ A/D 3 y^- ^ l A / DM^fT 
5 0 *{w x 2J^g(DA / /'D3i >v* — ^ <DA/ DS£$y*ljp: 
&2ai^D/A3^Wl:M, D/A^UISrfT 
5o *fc^T. 2airoD/A3y/<-^WD/ASftg 
liriai ^M^T^^fcB^ t £ 2 81^7^ 
WW*.. Jl»**«r* 0 W«0»fP*#S 

•wts*u wa^a^r^tom^srA/Dassii-So 

38^^7>fi«rife, l~3l£gcDA/D 

b, c^»^t-*±. iaiOA/D3y/<-^^f)i:fe 
a fcfj/ K 2il^A/D3 ^^64>ffib fc*3/ 

3aiOA/D3y^-^^?)Tttc \*y h<D"fis 

[0007] ^»ff-ett. mgi 

A/D 3 y/<-^^ A/Df ft^t V7 9 y y^^lfo 
T^5S#, m+ia@OD/A3y/Wlj:D/Af|j| 

[0 0 0 8] f^. #©t-io^T, A/D=*l"<-* kD 
^^tltl/^o ^fc. #a^A/D3yy<-^(i N a/ 
^i:P?tfttSe -tUT. f/A/D3y/<-^(i(i flj 

aaj»»^s^riB4^atwittt (77r^) tt&m 

[0009] ^fc, r^o^A^jfll** 
tzteffi&nMftT^ytD&tik. HDa^D/Aay^ 

-^^D/Asenws^toji^sr^iB-rsa D/Aae» 



i»7y7il D/AX*e*#»6ft5S-e<z>l«. r 

[0 0 10] #»/W^9-f >«J«S:i:n 

5 0 ^ODtztb. «t>hSc^L"CLSB^i< 
4ott, A/D 3 y/<-^ Sffliat 5#3 ^' i^-^ 

[0011] 

& t 5 A/D 3 * tfiKTtoBIB^fcS, 

-To Sot, 3e-c-Sc««^iB<ie»«-cK5i 
[0012] ©±E®a) i 5 ftl^ryT'tCMO s n 

So 

[0 0 13] ®»»**«»rv^*:*#:{tt-«fc«:, 
<i-Si65*^*>*. A/D = W<— *«^>'^y:/^^s■*- 
»g\ y ->y = y smk**A>m<nm\zm 
j*u**i-ixtf*e>i*. #y ->y ^^mt^f/^m^mcn 

[ooi4] ®s»7y70)ty^y mi: 
ao-^^A/D 3i w^-^ (Dihy^y >?*$m* t m cx 

[0 0 15] 7*7^ yfttttiilfRfttillBkft^ 

77y^lE^$^i:^o>, A/DS»»«!i s fi 
\ Ttoc #lof7'A/D3y/<-^ioJ:(/ 
D/A o*irtL *loi/7r i^^^tEto^ 
i/7 7>^t£A J M*htt^, Sot, 
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(SfcWHMftS) <OD/A3W^^^D/A$8i)^ 

CJ:oti/77U^IEj8i:4i:5/^^ «»a 
(*fctt«»») Wf^A/Dn^-^^A/D^R 

nmwBJKWSrs.tfi-ct^fcs, #»a (*fc 
w;«*a) (o^yA/D^y^-^coA/D^Km- 

J:otu77^^tEE»l:ti:5y'fX^ Pica 
[0 0 16] r^PplJffltt. -fr:/ A/D ^id^ 

10 j/'>^*S^^mWi:gSi:in5o i-**? 

l^y hSn077^>a*aA/D3>vWli 
(2 n -1) I(7)ny/<U-^^i x.5a s * C<7)#^(7} 

[0 0 1 7] JpAT. 3yA-!/-^|:f 3 y/^^i 
y/«i^ffiIiS^y7 7 u^HJE^i-SE 

<oj -f xfrffiKi-stwtt, 77^>^^A/D3y^ 

1/77 yy«^J^ <-rntfJ:i/\ t,a»u ^77 
uv^«tt*r/>s < -t-s y7 7 u^^«ffi»m»caox 

[0 0 18] *»Wtt±IE[H«^*»*-t-a 

^^A«Slia»«:Ji«-r-5ri:fc*>*. 
[0 0 19] 

[R«*#*i-5fc«><^a] 1 t-8E*co«M 

30 fi. aa«)try M»wtf2a«i*o*ftj:0, 2t*^h 

[0020] »*gi2^E(t©»W(4, #adsr^o^ 
dry^t ^6*5*8^^?^ vtatt 9 , &ia 

[0021] »*j«3^ia«^»w#4, #aa*T^-P^ 
40 ^T^t^efiRs^a^-r^fr^iiWKSrfc^x «ja 

<Otf y rW2i^WJ:^ 2 tfy hfiJLL**< 

[0 0 2 2] »**4^ie«£^*w»4. y7 7 yy7i 
iEii*as#tta £ f^^a t?i«t s ttTt *a^<-f >r 

tt, ^a^r^^^-^v ; ^/^m[i]^^^ f > ? ^/i--r 
t3^1W^i^7y7 1 ^^^5^V7 , 7^ 

^m&*:tr>. y7 7 u-^«a»^«Hsai:«»a-e 

50 ^Bl^fcC^^^©^^ 
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[0 0 2 3] «*3l6^l5«^«Wtt, G-miT-r*? 
tirZ> a 

[0 0 2 5] 

[0 0 2 6] A/D^V'*— ^ ir^^Vusfc— /i- K 

0^2. l^g~4^g^[HSg3— 6. 7!y^[USS7, 

3~5f4. -^^A/D = ^< — ^9. D/A^y^-^ 

io. 8»r^iiSrt*So c*»a) <om 

©EK3f44fcrs/ hi**. 2~4J£goD[nJ^4 

- 6 n-ttb-'ett 2 tr y h»^x-fe So i-3ai cotuss 

3— SU^l^T. t^A/D = W<- * 9*3«fct^D/A 
=i>-^-* 1 O^lfy hifc (fc> MKA) nf4[*IDtwt£ 

[0 0 2 7] A/D = 1 (D&ft&ffifi-r 

6 0 fy^*-/UKIB2tt, T^n^A^Kf-^Vin 

K0«2^blH*Sixfcr^P^A*fflr»Vintt, 11* 

@(7)[h]s§3— 

[0 0 2 8] l^@cD[H^§3(Cic^T. f/A/D^y 

X = Ai xOF+LSBi xAi 
Y = (L S Bl +LSB2 /A 
(A3 XA2 ) ] XGE 
i/y^fXfj:/h$i^6i/>fc^, * (2) 
^>Ai *5«fct*LSBi ^r^^/Ml/^i/^ 

LSBi LtzJjfrek\<\ Sot, ^>Ai £ 

T'#o £ < #^^(Hl3S 3-6 60 

*#<t5cii:tt4?>i^ fl 2 a-*? 3 mxm 

> ~ 5ta±T«Lfc^i:f^ A/D 



±.$LAt~y Y<n*ri/?/\smti ( 2 9 ,2 8 ,2 7 ,2 6 ) 14, 
D/A^y/<-^10^^6«C, 

1114, D/A3>/<- * 1 0<OD/AS8HS*t7t 

llcotB^l4. 2a@^)|elK4^<5aiStiSo 
[0 0 2 9] 2SB<7D®3S4l;ii3l^Tf4-, iaS<^[H}S§ 
3(^M^rvrri l<Dffi*^»UT, l££g^[E]S§3 £: 
10 H«<0»fMSf?:b**bS o 3SB<0|Hl§6 5t::*5^T 

SW[sIB4^5)t±{42 try h^T^/^ai* (2 5 .2 

4 ) 3gi©iiiS5^fTft2 tfy ho-T* 

i^/l'tfcW (23,22) as»6*t«. 
[0 0 3 0] 4ae(OlfilK6 l^iBl>T*4, 3^@^[h]SS 
S^^T^l l(Ottl*l:#LT, WA/Da^ 
9frA/D$C&$:ftb\ TitL2 \*y Y (D^r i> * 

*> (21,20 ) j&s»e>*t5o 

20 [0 0 3 1 ] 1^4aB^lII&3~6<0^*/l'ffi;fi 
f4. #9y^-EII6 7*:IRTlR]l»*wai*iatt8^9J*i- 

[0 0 3 2] fcii;*j[!8g8f4. TtP^AMtVir^l 

^-c\ ^frr^i i#4^r^icj:o-c«riiStt 

hOF^ta^S^Sc «oX iag^03§3 — 6O^ 
-/<-uyi/fxit * (2) ic^-TJ;?!-, ^ ^ 

y/n^y (H^— ai -tcTXUK 

2-60LSBi i:J&*fc**n,3.. Kttte»MY 

(4, a: (3) i^-r £ 5 1-, v^-ge^-y yA 

i LSBi fc^fc^Stt^o 
[0 0 3 3] 

XCE (2) 

1 +LSB3/ (A2 XAI ) +LSB4 / 

(3) 

40 [0 0 3 4] 5£ (3) ia@<£>l§]&30L 

SB1 4r/J*S< LfcStef-tt, 2 — 4 <7>®K 4 - 6 
cO L S B2 -L SB4 £/h£< Lfc*&J: B iClkft 
iiY^SSWict < *5:^ J fc^Sc 115 
[DS&3CDL SB1 ^/J^$<-T5Ci:(4. lI£g(D[H]S&3 

«ot, l«B<00K3Srl--3 try M;iLfc»fr 

dSiMWt»aEY*/hS<-i-Sr. £d*-?#5a fcw^-C, 
1 S: g (OiB 3 S: 5 f y h^iilCt 5 ^ , L5B1 fc'h 
so £< 4?)afrT+»<t*8l«*4r»5ci:d*«U< ft 
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9. ism&iz^itmmmtiZo ussra 

lirlt, 1 &@^[I]&3 £ 9 h^±twi-^>coiim 

[0 0 3 5] ft, #»<0|HlK3-6a5e-y h3£ (fy h 
«/£) Sr*U<i"tttf, 4rHB3-6dspj— fcS 

y^-r^T^ lii«3^4fyhM, 2-4» 

— 6S:2 try MBritti-S («T, 4-2- 10 
2- 2»jsfci:^5) W* S H* L^Ci:^t>^5, 
[0 0 3 6] ^Xfl 41/^^7^ yt3-3-3- 

fcS<btf>0X K*WtlRSlY36S*#< 3^ 

<&o 0 ^It, 49/^^7^^4-3-2-11 

[0 0 3 7] El2tw x tyA/D=ty/<- ^ 9<Drtg|5|l] 20 

-^2 2d>P>«J*$tt5o l/77f^8ttR(44t|5j 
CSJftffi-efetK i«®ffiiMJu^r i^^«JE»Vrbl *5 

tt«l/77 U->^mEE^Vrb2 fc<fct«£«ffi{i!|t/7 7 T ^ 
^*«ffiRVrt2 ) IBJwiI?iJlc»|*S*tTV^. try h 
tt (tTyh«J«) n^A/D3^-^ 9fS (2 n 
-1) iro = w«i/-^2 lS:«t5o ^^y/Ni/-^ 
2 1f2. U77 UVX}gi5tR{-J:o-C^^StX,^U7T 30 
ux*«ffi<a#JE«/E£rA2MS# (T^n ^A*Kf »V 
in*fcttllff«<oieiaS3 - 5 a>m»r^\ 1 coffin) i 

[0 0 3 8] ft, 2~4aS<^IslK4'-6^>^A/D 

«>, -!:^St> h^t(7)i/7 7 '^v^MR^J:^ 
=3 * 2 1 4^l:tLTt>5c 

[0 0 3 9] B3i:, l-4S@«3-6i:U77 40 
UV^mEEi^Vrbl, Vrtl.Vrb2, Vrx2 OO^M^^T^ 
■r c iag*3J:t/3S@^[l]K3 f 5ttl/77^t 
ffi»Vrbl,Vrtl 2ftl*3j:a4SI©i 
»4, 6141/77 t"^*«ffil»Vrb2 f Vrt2 i-»«tSix 
Tl^S. -*~*to*>, «»IS:<0[e]K3, 5 £«&S<aH]i» 
4, 6X11 1/77 i/^SES^i^iltl/^o # 
l£^[p]3g 3-6 COi^T'A/D =1 y/<— ^ 9 ^i(J ; D/ A 
ny/WlOdlt *!Hll8 3'-6twSa»Sixfc^7 7 
i/>*flffi»j$*e5 r -/^7 ix^^«JEds«j|&StbTi>5o 

[0 0 4 0] 1 - 4 ££ g (TDiElSg 3-6^1 ocO^aH^:^ 50 



2/7*3 l±Jw3gj4SnT*-^^^kSn-C^^-5c 2* 
^a5«fSt«>7 7 l^^^«JESIVrbl r Vrb2 l*WM'<y 
K3 2^ififf-e»asSix. -t^SSttAtta^V-S-S 3 

ff^^/D v^sti/ci^s. 2*^fia;ffiflii/ 

77 l/V^«Ej»Vrtl i Vrt2 fittiS'** K 3 4 tf>iffi§ 

[0 04 l]/^77^f Vib^TH *S&<75[HB8 3 , 
5 Of^A/D a * 9 j&5 A/D^«ISr?To TV ^ 

fip. «ftSk«>leiK4 f 6<Z>D/A=i>v<— * l OfctD/ 
ASE**fT3. Sfc. *|ft&<£>H]&3 f 5(^D/A^y 
1 O^D/AtMffott^^ fflSftS^HK 
4, 6 (D^zf A/ D =* >v< — ^ 9fiA/DffiSI4rfT5«, 

[0 0 4 2] tyA/D^y^-^ 9*i#^(7)n 

i~5fc«>. L^7 7 i/^a±»i:y>f^wt\ 
^y^u-^ 2 i ic^- y^**^**!?- a ^/> 

**£JBi^fc»£(wtf\ ny^i/-^2 1«i^f 3 
y 3t«rfMKl ^ U 7 r ^ mEE^ \Z.ffitl 5 fc 

[0 04 3] Lrt>U *HJS3g1BJC*5^-Cf4. SStlfctf) 
®K3, 5 £:fPI£fel§:<7)fe]S§4, 6T^77i/^tffi» 

d«iWB**ux^«. «ox, whs (s^ttflwts) ^ 

U-XA/D = >v<— ^ 9 (^A/D^^tbf^tc: iot 1/7 
») WD/A=W<-^ 1 0WD/A«»«l^»»S 

[0 044] ^fc, L/77l/^^lEJjfl*= I V7>'t 
3 3, 3 5-Cx^7S/7*y V^£;h/C^£fc«>* 1/77'/ 
^XW£&&->"t^^3 3, 3 5 (Affile «fcoTl!^ 
{b^tt^o S£oT\ :aW?U — * 2 1 IC^-a 
M®)^3 y^*Srffi^fe»&-et. = * 2 1 

3, 3 5(^«toTKJRStt5o iS?i-Wx(f> n^/>'U- 
^ 2 lScJHb^fcfflV^**^!*. U77L-^^mEE 
iCiC^y^fXm^fc^ #=>yfyf3 3, 3 

tf«-3y7yf 3 3, 3 sit < - i fc^TtB-efe^c 
[0045] tr^>x% M^r>7°i id t-^p^a 

ffi^t, (HCI5<0[E]SS3~5(DD/A^>/^ — ^ 1 0(73 
D/Aaj»tt*tO«»**«-*-5o D/AS»3S* 
{i s r^a^A^lM-VinSfctima^lHlKa, 4 COM 
5^7^71 lOtb^J^, ^^^^[ElS|3-5iwA^^n 

ASS»iB*^e>ix6S-ecO|B. T-^n^A^ff^-Vin 

7 i y y^Lt«*ts, 

[0 0 4 6] tt*fi, H 4 J: ^t^t 1 ! 
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lOfy^D^ftiS (0*A) ts m£&<V\£}&3~~ 

/d =» * 9 <nu- i/y^/isMR t L < i" & fc«> r- 

— S^I^A/D^:"*--* 9<7)ir>yy V^B$ 
jftC (H^B) «fc0 fc«WRjeLT^5 0 
[0 0 4 8] ^^gf, BC»(Z)IhIK3~5^*5^T, 

Biajztf 3»a<oieii84 l 5ot> h»fiS;ji2 try h t 

tSffl: J:o-CA/D»»«fi#fiTt5 - 1 \*\ZbS» 

[0 0 4 9] *fc, mifELfcJ;?^ 2-4S@W#[HJ 
6<73^:/A/D=* * 9fll t*y 

[0 0 5 0] C<7DJ:5i-x *JBfc*»::«fc*Ui* ^To 
(1) #a^^7>f^*i:5-^^ #^(D[e}^3 
3, 4(01^7^1 KDmtlt, *:(D&<n\B}m3^>S 

**ULSBW>S<ioXl), *^A/D3W<- 
* 9 §r»/fii-5«-= * 2 1 O^IBSrHWWlw 

[0 0 5 1 ] (2) S»7VyiHD»ttMotlr^» 
&X~h, +5J-fta£*»«d s »&*t5, got, mrfELfc 
(Z)i3J:tJS®^BBHSrleIiBi"'5wi:d«-e#6o 

l^f773 lMiH^y ->y ^>^it^^ffl-T5c<^ 

[0 0 5 2] (3) 1*7V^1 1 C0*^y ^?*£M* 
|^l^a^0K3^5^-^yA/D = ^^— ^ 

71 l(D^/l/-l/-h^#<to^^\ o£ 



[0053] (4) 1/77 isi/xmJ£fc%cfeik£1nZ>tz. 

U77uy^fi)5tR^J^<t5^^^ft, 
1/77 u^^ftJESSPfltrattt-SJTfifliatSr/hS < to: 

10 [0 0 5 4] (5) A/D^/Wl^CMOSPi/y 

[0 0 5 5] (1) 4*^)1/77 l/>-^SES^Vrbl,V 
ml , Vrb2 , Vrt2 ^ft-^tbSUfi^ = V^Vif "Ct^ y 

[0 0 5 6] (2) l—4Sa^*H]SS3^6ftt-33iJfi 

20 77 isi/xm&.frZbl^feik't&o 

(3) t^A/D = 9 S:77 y ^SSW 

[0 0 5 7] £A-t. #HH6Jgffi{wO^TttWLfc^. # 
U) ff^l-3^V>i 3s ^^13llc:fegcCDr^n^- 

[0 0 5 8] rc0«t5t-i-tbtf. A/DfMS^[R)± 

30 -f~<5 0 

r n- ^KttmK fc y7 i t>*b&Z>&Sk'<4 -7=7 
kV, M^«iT«(7)^77y^ 
mm^^if ^> #^7 uv^«0EJfctti««tt«Ellt 

[0 0 5 9] w<a«fc5tw-fixtf. u7r^^lffi* s S 

40 [0 0 6 0] 

[««roa*] «±»SEbfcJ:5«w*»W*wJ:Jxtf, iff 

[02] = ^^-^^[sI*H. 

[0 3] — HJKSJglBoU'^r ^v^«ffi»oi(8«tBB«*: 

50 [04] !S3Ro^^ 5 >^-r— K, 
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m s i -it 

5— 3 CO (UK 

6- 4Si<OlHlK 



12 

9-t^A/D = W<- * 
1 0 • -D/A^^s<— $ 
1 l-8»7^ 

Vrbl,Vrb2 —S^fifa'J r I^^ISS 
Vrtl.Vrt2 X U ^^MB-fa 

3 3, 3 5— = VtVIt 
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